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Abstract. CK Vul (Nova Vul 1670) is one of the most mysterious objects among erupting stellar objects. Past
studies have suggested that CK Vul is a final helium-flash object resembling V605 Aql and V4334 Sgr (Sakurai’s
object). The peculiar outburst light curve of CK Vul, however, had no similar counterpart among the known
eruptive objects. Furthermore, the presence of hydrogen in the proposed remnant seems to contradict with the
final helium-flash scenario. We propose that the peculiarities of CK Vul can be naturally understood if we consider
a merging of main-sequence stars, following a new interpretation by Soker & Tylenda (2002) which was proposed to
explain the peculiar eruptive object V838 Mon. In this case, the 1670 outburst of CK Vul may be best understood
as a V838 Mon-like event which occurred in our vicinity.
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1. Introduction
CK Vul (Nova Vul 1670) is one of the most mysterious ob-
jects among erupting stellar objects. The object reached
a maximum of mv = 2.6, with at least three brightness
peaks spanning for three years. The overall light curve and
the multiple brightness peaks spanning for such a long pe-
riod is unlike any classical nova (Payne-Gaposchkin, 1957;
Duerbeck, 1981, 1987). The object was claimed to be re-
covered as the “oldest old nova” (Shara & Moffat, 1982)
from the presence of a planetary nebula-like shell. Shara
et al. (1985) further proposed, from the low absolute mag-
nitude of the supposed quiescent counterpart, that CK Vul
is a “hibernating” old nova (cf. Shara et al. (1986)).
Harrison (1996), however, performed near-infrared
photometry of the suggested counterpart, and yielded a
spectral energy distribution (SED) indicating the presence
of a dust shell. From the similarity of SED and the out-
burst light curve with those of V4334 Sgr (Sakurai’s ob-
ject), Harrison (1996) suggested that CK Vul may be re-
lated to V4334 Sgr, which is believed to be a final helium-
flash object (Duerbeck et al., 1997; Kerber, 1999) rather
than a classical nova. Evans et al. (2002) presented further
evidence for a final helium-flash object from the detection
of a cavity in IRAS infrared map and the analysis of sub-
mm emission. The identification of the true remnant of
CK Vul seems to be established by this study.
However, it is controversial whether the unique light
curve of CK Vul can be reasonably explained by the sce-
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nario of a final helium-flash object. Although both V605
Aql and V4334 Sgr had multiple optical peaks, the later
peaks were always fainter than the preceding peaks. This
phenomenon is natural since the optical variations are
regarded as a consequence of a combination of continu-
ous cooling and dust formation (Asplund et al., 1999).
As pointed out by Shara et al. (1985), a nova-type ther-
monuclear runaway event should decay with a dynamical
time-scale (∼100 d) from a super-Eddington maximum
phase, which further makes it difficult to explain the long
intervals between the brightenings.
Most recently, a unique eruptive object, V838 Mon,
has been discovered (Brown et al., 2002). The subsequent
evolution of V838 Mon, with multiple optical peaks and
very cool atmosphere (Munari et al., 2002b) has been re-
markably unlike any class of erupting stellar objects. The
light curve of V838 Mon in part resembles that of CK Vul,
particularly in its second bright maximum long time after
the initial eruption (Fig. 1). Although the exact mecha-
nism of the eruption of V838 Mon has not been clarified,
Soker & Tylenda (2002) proposed that a merging of two
main-sequence stars can explain the unique outburst of
V838 Mon. Based on the phenomenological resemblance
between CK Vul and V838 Mon, we try to explore the
possibility of explaining CK Vul within the framework of
Soker & Tylenda (2002).
2. Application to CK Vul
According to Soker & Tylenda (2002), the eruption of
V838 Mon has been proposed to be a merging of a close
main-sequence binary with M1 ∼ 1.5 M⊙ and M2 ∼ 0.1–
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Fig. 1. Comparison of the light curves of CK Vul and V838 Mon. The data of CK Vul are from Shara et al. (1985).
The data of V838 Mon (visual and V -band observations) are from the reports to VSNET.
0.5 M⊙. The first maximum was explained as a runaway
mass-transfer when the primary (more massive) star fills
the Roche-lobe. The observed luminosity of the initial
maximum can be well reproduced by a reasonable param-
eter in a calculation of an accreting 0.2M⊙ main-sequence
star (Prialnik & Livio, 1985) and the subsequent expan-
sion to a giant. Soker & Tylenda (2002) proposed that the
second (brighter) maximum can be explained by the ac-
cretion of the secondary onto the primary, particularly by
the merging of the stellar cores, which enables a further
expansion (Hjellming & Taam, 1991).
The scenario by Soker & Tylenda (2002) thus seems
to able to explain the reason why the second maximum of
V838 Mon was more energetic than the first maximum. In
CK Vul (Shara et al., 1985), the second maximum was
recorded to be at least as bright as the first (initially
discovered) maximum. In Soker & Tylenda (2002), the
brightness of the first maximum depends on the parame-
ter α, which is a fraction of the free-fall energy employed to
expand the atmosphere. In reproducing V838 Mon, Soker
& Tylenda (2002) used α = 0.1, while a higher value (up to
α = 0.5) is realistic. The time-scales between the first and
second maximum can be strongly different depending on
the initial condition of the binary and the degree of angu-
lar momentum loss, both of which are not still reasonably
constrained.
A subtle difference between the light curves of CK
Vul and V838 Mon is not thus problematic within the
scenario by Soker & Tylenda (2002). A more remark-
able consequence is that this scenario will be able to ex-
plain the hydrogen-rich appearance (Naylor et al., 1992)
of the proposed remnant object of CK Vul, which is un-
like a hydrogen-poor Wolf-Rayet-like object (Clayton &
de Marco, 1997), R CrB-like object, or cooling white dwarf
what are expected from the final helium-flash scenario.
The nebula surrounding CK Vul (Shara & Moffat,
1982; Shara et al., 1985) is also unusual for a planetary
nebula. Shara et al. (1985) suggested, from an analysis
of emission lines and an estimate of the recombination
time, that the nebula is excited by a shock which was
produced by a collision of the CK Vul wind (or ejecta)
with the interstellar matter. Such a feature has not been
observed in final helium-flash objects, while an expected
heavy mass-loss from a merging binary can more reason-
ably explain the origin. An estimated nebular expansion
velocity of 59±16 km s−1 is reasonable compared to the
outflows with the observed velocities of 200–500 km s−1 in
V838 Mon considering an effect of deceleration. Such an
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outflow was not observed in the final helium-flash object,
V4334 Sgr (Duerbeck et al., 1997).
Finally, we compare the outburst absolute magnitudes
between CK Vul and V838 Mon. With a long-distance
estimate (∼3 kpc, H. E. Bond, cited in Soker & Tylenda
(2002)),1 and a reasonable extinction of AV ∼ 1.5 (Munari
et al., 2002b), the maximumMV of V838 Mon is estimated
to be −7.0. This value is appreciably close toMV ∼ −8 by
adopting the estimated distance of 550 pc and of AV ∼
2.2 in CK Vul (Shara et al., 1985). Shara et al. (1985)
noted that some of Helvelius’ 1670–1671 observations de-
scribed CK Vul as ‘blurred’. This intriguing finding may
be somehow related to a V838 Mon-like light echo (Munari
et al., 2002b), although it seems rather unlikely to resolve
such a light echo with the unaided eyes even at a small
distance. Considering the ambiguity of the distance esti-
mates of these objects, the 1670 outburst of CK Vul may
be best understood as a V838 Mon-like event which oc-
curred in our vicinity. Future detailed observations of the
CK Vul remnant in view of the present possibility could
provide a crucial test for this interpretation.
We are grateful to the referee (A. Evans) for draw-
ing the author’s attention to the description of Helvelius’
1670–1671 observations of CK Vul. We are grateful to
the observers who reported vital observations to VSNET
(http://www.kusastro.kyoto-u.ac.jp/vsnet/). This
work is partly supported by a grant-in-aid (13640239)
from the Japanese Ministry of Education, Culture, Sports,
Science and Technology.
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